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Preface 

Policy-makers increasingly rely on measurements of the disease burden of risk 
factors, and how the burden is distributed by socioeconomic status, to develop rational 
policies and effective interventions. Despite the growing importance of objective 
measurements, the health effects of many occupational risk factors have not been 
quantified. In addition, many workplace risk factors contribute only to disability and 
not to mortality, and are therefore poorly described by estimates of the number of 
deaths. Both of these issues have contributed to an underestimation of the effects of 
occupational risks on the overall health of communities. One of the clearest examples 
of a risk that has been underestimated is occupational noise that leads to hearing 
impairment. 

The World Health Organization (WHO) carried out an assessment of the global 
disease burden from occupational noise, as part of a larger initiative to assess the 
impact of 25 risk factors in a standardized manner (WHO, 2002). This guide builds 
on the global assessment, by providing a tool for occupational health professionals to 
carry out more-detailed estimates of the disease burden associated with hearing loss 
from occupational noise at both national or subnational levels. It is complemented by 
an introductory volume on methods for assessing the environmental burden of disease 
(Priiss-Ustun et al, 2003). 

The present guide describes how to quantify the burden of disease associated with 
hearing impairment from occupational noise. The following topics are described: 

- noise characteristics and their relevance to workers' health; 

- criteria for selecting health outcomes for the burden of disease assessment; 

- methods of assessing exposure to workplace noise, for all segments of a 
population; 

- relative risk data for the main health outcome of occupational noise; 

- procedures for generating a summary measure of the burden of disease from 
occupational noise; 

- sources of uncertainty in disease burden estimates; 

- policy implications. 
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Glossary of terms and list of abbreviations 

AF Attributable fraction (also referred to as the impact fraction). The 

proportion of the disease burden in a population that can be attributed 
to a specific risk factor. 

DALY Disability-adjusted life year. 

dB Decibel - units used to measure sound pressure levels on a logarithmic 

scale. 

dB(A) A-weighted decibel - a measure of sound levels as experienced by 

humans, calculated using a spectral sensitivity factor (A-filter) that 
weights sound pressure levels by frequency to correspond to the 
sensitivity of the human ear. 

DBHL Decibel hearing loss - units used to measure the degree of hearing loss 

at a specified frequency, relative to a standard of normal hearing. 
ILO International Labour Organization. 

LAeq, 8h Equivalent sound levels, measured over an exposure period of 8 h. 

NIHL Noise-induced hearing loss. 

USA United States of America. 

WHO World Health Organization. 
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Summary 

This guide outlines a method for estimating the disease burden of hearing loss caused 
by high levels of noise in the workplace, at national, city or local levels. The method 
assesses exposure at two noise levels (85-90 and >90 dB(A)), and by occupational 
category and economic subsector. These measurements are combined with the 
proportions of the working population in different occupations and subsectors, and 
with the proportion of the working-age population that is employed, by gender. All of 
the data can be obtained either from national statistics, the International Labour 
Organization (ILO), WHO, or by extrapolating from existing studies. 

The information on exposure is then combined with estimates of the relative risks of 
developing noise-induced hearing loss (NIHL), derived from literature reviews. This 
gives the attributable fraction (i.e. the proportion of the total burden of NIHL in the 
study population that is caused by occupational noise). To give the total disease 
burden caused by occupational NIHL, the attributable fraction is multiplied by the 
total disease burden for NIHL. Total disease burden statistics can be obtained either 
from national statistics, national burden of disease studies, or from WHO. Depending 
on the aim of the assessment, the attributable burden can be expressed in terms of the 
incidence of NIHL, or as disability-adjusted life years (DALYs). 

In addition to providing aggregate estimates, the method in the guide can be used to 
highlight the health impacts on population subgroups at particular risk, such as 
occupational subgroups or women, provided that exposure in these subgroups is 
assessed separately. The quantification of the health impacts also provides an 
opportunity to highlight the disease burden that could be avoided by interventions to 
reduce occupational noise exposures. This can motivate policy action to reduce 
exposure to this risk factor and thus reduce the disease burden of the population. 
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1. Introduction 

Physically, there is no difference between sound and noise. Sound is a sensory 
perception and noise corresponds to undesired sound. By extension, noise is any 
unwarranted disturbance within a useful frequency band (NIOSH, 1991). Noise is 
present in every human activity, and when assessing its impact on human well-being 
it is usually classified either as occupational noise (i.e. noise in the workplace), or as 
environmental noise, which includes noise in all other settings, whether at the 
community, residential, or domestic level (e.g. traffic, playgrounds, sports, music). 
This guide concerns only occupational noise; the health effects of environmental noise 
are covered in a separate publication (de Hollander et al, 2004). 

High levels of occupational noise remain a problem in all regions of the world. In the 
United States of America (USA), for example, more than 30 million workers are 
exposed to hazardous noise (NIOSH, 1998). In Germany, 4-5 million people 
(12-15% of the workforce) are exposed to noise levels defined as hazardous by WHO 
(WHO, 2001). Although noise is associated with almost every work activity, some 
activities are associated with particularly high levels of noise, the most important of 
which are working with impact processes, handling certain types of materials, and 
flying commercial jets. Occupations at highest risk for NIHL include those in 
manufacturing, transportation, mining, construction, agriculture and the military. 

The situation is improving in developed countries, as more widespread appreciation of 
the hazard has led to the introduction of protective measures. Data for developing 
countries are scarce, but available evidence suggests that average noise levels are well 
above the occupational level recommended in many developed nations (Suter, 2000; 
WHO/FIOH, 2001). The average noise levels in developing countries may be 
increasing because industrialization is not always accompanied by protection. 

There are therefore several reasons to assess the burden of disease from occupational 
noise at country or subnational levels. Occupational noise is a widespread risk factor, 
with a strong evidence base linking it to an important health outcome (hearing loss). 
It is also distinct from environmental noise, in that it is by definition associated with 
the workplace, and is therefore the responsibility of employers as well as individuals. 
An assessment of the burden of disease associated with occupational noise can help 
guide policy and focus research on this problem. This is particularly important in 
light of the fact that policy and practical measures can be used to reduce exposure to 
occupational noise (WHO/FIOH, 2001). 
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2. Summary of the methodology 

The approach used in this guide has the following steps: 

Describe the risk factor and its health outcomes (Section 3): 

- characterize the risk factor; 

identify all disease outcomes related to the risk factor; 
describe the strength of evidence of their association. 

Assess exposure (Section 4): 

- choose an indicator; 

- compile exposure data. 

Select risk levels and corresponding relative risk values (Section 5). 
Estimate the attributable fraction and disease burden (Section 6). 
Describe the sources of uncertainty (Section 7). 

These steps are now described in more detail in Sections 3-7. 
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3. The risk factor and its health outcomes 

3.1 Measuring noise levels 

There are a variety of metrics for quantifying noise levels, the most useful of which 
for measuring sound as a health hazard is described in de Hollander et al. (2004). In 
general, these metrics are based on physical quantities, which are "corrected" to 
account for the sensitivity of people to noise. These corrections depend on the noise 
frequency and characteristics (impulse, intermittent or continuous noise levels), and 
the source of noise. The following measures are most relevant for assessing 
occupational noise levels. 

Sound pressure level. The sound pressure level (L) is a measure of the air vibrations 
that make up sound. Because the human ear can detect a wide range of sound 
pressure levels (from 20 |uPa to 200 Pa), they are measured on a logarithmic scale 
with units of decibels (dB) to indicate the loudness of a sound. 

Sound level. The human ear is not equally sensitive to sounds at different 
frequencies. To account for the perceived loudness of a sound, a spectral sensitivity 
factor is used to weight the sound pressure level at different frequencies (A- filter). 
These A-weighted sound pressure levels are expressed in units of dB(A). 

Equivalent sound levels. When sound levels fluctuate in time, which is often the case 
for occupational noise, the equivalent sound level is determined over a specific time 
period. In this guide, the A-weighted sound level is averaged over a period of time 
(T) and is designated by L Aeq ,T. A common exposure period, T, in occupational 
studies and regulations is 8 h, and the parameter is designated by the symbol, L Aeq ,8h- 

3.2 Disease outcomes related to the risk factor 

In general, the health consequences of a given level of occupational noise are likely to 
be similar, regardless of the country or region in which the exposure occurs. A single 
review has therefore been carried out of all well-designed epidemiological studies that 
link occupational noise exposure to health outcomes, regardless of where the study 
was conducted. 

The review of the literature indicates that noise has a series of health effects, in 
addition to hearing impairment (Table 1). Some of these, such as sleep deprivation, 
are important in the context of environmental noise, but are less likely to be associated 
with noise in the workplace. Other consequences of workplace noise, such as 
annoyance, hypertension, disturbance of psychosocial well-being, and psychiatric 
disorders have also been described (de Hollander et al, 2004). 

For occupational noise, the best characterized health outcome is hearing impairment. 
The first effects of exposure to excess noise are typically an increase in the threshold 
of hearing (threshold shift), as assessed by audiometry. This is defined as a change in 
hearing thresholds of an average 10 dB or more at 2000, 3000 and 4000 Hz in either 
ear (poorer hearing) (NIOSH, 1998). NIHL is measured by comparing the threshold 
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of hearing at a specified frequency with a specified standard of normal hearing, and is 
reported in units of decibel hearing loss (dBHL). 

Threshold shift is the precursor of NIHL, the main outcome of occupational noise. It 
corresponds to a permanent increase in the threshold of hearing that may be 
accompanied by tinnitus. Because hearing impairment is usually gradual, the affected 
worker will not notice changes in hearing ability until a large threshold shift has 
occurred. Noise-induced hearing impairment occurs predominantly at higher 
frequencies (3000-6000 Hz), with the largest effect at 4000 Hz. It is irreversible and 
increases in severity with continued exposure. 

The consequences of NIHL include: 

- social isolation; 

- impaired communication with coworkers and family; 

- decreased ability to monitor the work environment (warning signals, equipment 
sounds); 

- increased injuries from impaired communication and isolation; 

- anxiety, irritability, decreased self-esteem; 

- lost productivity; 

- expenses for workers' compensation and hearing aids. 



3.3 The strength of the evidence for disease outcomes 

The mechanisms linking occupational noise to the health outcomes described in the 
following section are relatively direct, and are unlikely to be specific to particular 
countries or regions. Therefore, although it is useful to obtain local data on the 
strength of relationships, other studies are usually relevant for assessing the strength 
of evidence for causality. 

Evidence is usually assessed on the grounds of biological plausibility, strength and 
consistency of association, independence of confounding variables and reversibility 
(Hill, 1965). From a review of the literature, de Hollander et al. (2004) concluded that 
psychosocial well-being, psychiatric disorders, and effects on performance are 
plausible outcomes, but are only weakly supported by epidemiological evidence. 
Other plausible outcomes include biochemical effects, immune system effects, and 
birth-weight effects, but again there is limited evidence to support these outcomes. 



Table 1 
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Assessment of reported responses to occupational noise exposure 3 



Outcome 


Evidence 1 " 


Observation threshold (dB(A)) 


Performance 


limited 






Biochemical effects 


limited 






Immune effects 


limited 






Birth weight 


limited 






Annoyance 


sufficient 




<55 (office) 
<85 (industry) 


Hypertension 


sufficient 


55 


-116 


Hearing loss (adults) 


sufficient 




75 


(unborn children) 


sufficient 




<85 



Source: adapted from HCN (1999) and de Hollander et al. (2004). 
Evidence describes the strength of evidence for a causal relationship 
between noise exposure and the specified health endpoint. 



There is stronger evidence of noise-based annoyance, defined as "a feeling of 
resentment, displeasure, discomfort, dissatisfaction or offence which occurs when 
noise interferes with someone's thoughts, feelings or daily activities" (Passchier- 
Vermeer, 1993). Noise annoyance is always assessed at the level of populations, 
using questionnaires. There is consistent evidence for annoyance in populations 
exposed for more than one year to sound levels of 37 dB(A), and severe annoyance at 
about 42 dB(A). Studies have been carried out in Western Europe, Australia and the 
USA, but there are no comparable studies in developing countries. There is little 
doubt that annoyance from noise adversely affects human well-being. 



A recent meta-analysis reviewed the effects of occupational and environmental noise 
on a variety of cardiovascular risks, including hypertension, use of anti-hypertension 
drugs, consultation with a general practitioner or specialist, use of cardiovascular 
medicines, angina pectoris, myocardial infarction and prevalence of ischaemic heart 
disease (van Kempen et al., 2002). The analysis showed an association with 
hypertension, but only limited evidence for an association with the other health 
outcomes. Reasons for the limited evidence included methodological weaknesses, 
such as poor (retrospective) exposure assessment, poorly controlled confounding 
variables, and selection bias (such as the "healthy worker" effect, where the studied 
populations exclude the least healthy individuals, who may already be absent from 
work through disability). The meta-analysis showed inconsistencies among 
individual studies, and summary relative risks were statistically significant in only a 
limited number of cases. Overall, the causal link is plausible, and the meta-analysis 
provides support for further investigation of cardiovascular effects in the future. 
However, the evidence base was not considered to be strong enough for inclusion in 
the meta-analysis. Consequently, cardiovascular effects were not included in the 
Global Burden of Disease study, and methods for estimating the cardiovascular 
effects of noise were not defined (Concha-Barrientos et al., 2004). This guide does 
not therefore provide information for assessing the cardiovascular effects of noise at 
national or local levels. 
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In contrast, it is generally accepted that the link between occupational noise and 
hearing loss is biologically obvious (i.e. there is a clear mechanistic pathway between 
the physical properties of noise and damage to the hearing system). The link is also 
supported by epidemiological studies that compared the prevalence of hearing loss in 
different categories of occupations, or in particularly noisy occupations (e.g. Arndt et 
al, 1996; Waitzman & Smith, 1998; Hessel, 2000; Palmer, Pannett & Griffin, 2001). 
The studies showed a strong association between occupational noise and NIHL, an 
effect that increased with the duration and magnitude of the noise exposure. For 
example, the risk for "blue-collar" construction workers was 2 to >3. 5-fold greater 
than that for "white-collar" workers in other industries (Waitzman & Smith, 1998) 
(Table 2). Although other factors may also contribute to hearing loss, such as 
exposure to vibrations, ototoxic drugs and some chemicals, the association with 
occupational noise remains robust after accounting for these influences. There is also 
epidemiological evidence for an effect of high levels of occupational exposure on 
hearing loss in unborn children (e.g. Lalande, Hetu & Lambert, 1986), but there was 
not considered to be enough information to calculate associated impacts for the 
Global Burden of Disease study, and it is not covered further in this guide. 
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Table 2 



Prevalence ratio for occupational noise-induced hearing impairment 3 



Country 



Source 



Definition of hearing impairment 



Population group 



Prevalence 
ratio 



95% cr 



Germany 



Arndt et al. (1996) 



Greater than 105 dBHL at 2, 3 or 4 kHz (corresponds to >35 
dBHL). 



Carpenters 
Unskilled workers 
Plumbers 
Painters 
Plasterers 
Blue-collar workers 



Overall 



1.77 
1.75 
1.49 
1.20 
1.29 
1.00 



1.50 



1.48-2.12 
1.47-2.09 
1.19-1.85 
0.96-1.49 
1.05-1.59 



1.29-1.82 



Canada Hessel (2000) Greater than 105 dB HL at 2, 3 or 4 kHz (corresponds to >35 

dBHL). 



Plumbers 
Boilermakers 
Electricians 
White-collar workers 



2.91 
3.88 
1.46 
1.00 



NA L 
NA 
NA 
NA 



Great Britain 



Palmer, Pannett & 
Griffin (2001) 



Severe: wearing a hearing aid, or having great difficulty in both 
ears in hearing conversation in a quiet room (equivalent to >45 
dBHL). 

Moderate and worse: reported moderate difficulty in hearing 
conversation in a quiet room (equivalent to 45 dBHL). 



Male 
Female 
Male 
Female 



2.90 



1.80 



3.60 



2.90 



NA 



NA 



NA 



NA 



The data are taken from all available studies. CI = confidence interval. c NA = not available in the original study. 

Prevalence ratios are based on self-reported hearing impairment. Prevalence of "ever employed in a noisy job" was compared against "never exposed in a 

noisy job". A noisy job was defined as one "where there was a need to shout to be heard". 
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3.4 Health outcomes to include in the burden of disease assessment 

The selection of a health outcome should be made principally on the strength of the 
evidence of causality and on the availability of information for quantifying health 
impacts. It is also important that the health outcome has been assessed within the 
study population, or can reasonably be extrapolated from other populations. There are 
several possible sources for health statistics, including national health statistics, a 
national burden of disease study, or "prior estimates" provided by WHO. More 
details about these sources are provided in the introductory volume to this series 
(Priiss-Ustun et al, 2003). 

Depending on the aim of the study, it may be preferable to assess disease burden in 
terms of attributable disease incidence, or overall disease burden, using summary 
measures of population health such as DALYs (Murray, Salomon & Mathers, 2000). 
This will allow the health burden to be compared for different geographical areas, and 
with the health burden from other risk factors. A goal of burden of disease 
assessments is to maximize the compatibility of frameworks for assessing the burden 
of disease for risk factors. Using the same framework promotes this goal by ensuring 
that the same method is used to measure the incidence and severity of disability 
associated with each disease. 

Applying these criteria, it is clear that NIHL should be included in any national 
assessment, as it is strongly supported by epidemiological evidence, and is one of the 
health outcomes often assessed in national health statistics and as part of WHO 
burden of disease assessments. It is generally most straightforward to exclude 
outcomes such as annoyance, as they are not a formally defined health outcome per 
se. Should annoyance cause other health outcomes, such as hypertension and 
associated cardiovascular disease, then other outcomes could be considered. If there 
is a strong local reason for including such outcomes, then it is possible either to assess 
comparative disability weights independently, to take them from other studies (e.g. de 
Hollander et al, 2004), or to extrapolate them from similar health outcomes. You 
should be aware that an independent assessment of the severity of such outcomes 
introduces additional uncertainty when the results are compared with other risk factors 
or geographical areas. 

This guide follows the previous global assessment of occupational noise, in that only 
the effects of occupational noise on NIHL are assessed. Several definitions of hearing 
impairment are available in the literature. In the occupational setting, hearing 
impairment is generally defined as " a binaural pure -tone average for the frequencies 
of 1000, 2000, 3000 and 4000 Hz of greater than 25 dBHL" (NIOSH, 1998; 
Sriwattanatamma & Breysse, 2000X While this definition is widely used, it does not 
correspond to the WHO definition of disabling hearing loss (i.e. with an associated 
disability weight, and corresponding to a quantifiable burden of disease). This level 
of hearing impairment is defined as "permanent unaided hearing threshold level for 
the better ear of 41 dBHL or greater for the four frequencies 500, 1000, 2000 and 
4000 kHz" (Table 3). In this guide, we describe the steps necessary to calculate a 
prevalence of hearing loss that corresponds to the WHO definition, as it is preferable 
for burden of disease assessments. A straightforward procedure for converting 
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between the different levels of impairment is described in Section 5. This conversion 
procedure is supported by large epidemiological studies, and should therefore 
introduce only a small additional uncertainty into the estimation. 



Table 3 



Definition of hearing impairment 3 



Grade of hearing Impairment Audiometric ISO value 



Performance 



no impairment 

1 slight impairment 

2 moderate impairment 

3 severe impairment 

4 profound impairment, 
including deafness 



<25 dB (better ear) 
26-40 dB (better ear) 
41-60 dB (better ear) 
61-80 dB (better ear) 
>81 dB (better ear) 



No, or very slight, hearing problems. 
Able to hear whispers. 

Able to hear and repeat words spoken 
in normal voice at 1 m. 

Able to hear and repeat words using 
raised voice at 1 m. 

Able to hear some words when 
shouted into better ear. 

Unable to hear and understand even a 
shouted voice. 



Source: based on WHO (1991). 

International Organization for Standardisation, average of 500, 1 000, 2000, 4000 Hz. 
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4. Exposure 

4.1 Definition of the exposure indicator 

The most appropiate exposure measurement for occupational noise is the A-weighted 
decibel, dB(A), usually averaged over an 8-hour working day (L Aeq ,8h see Section 3) 
There is a strong correlation between this parameter and the ability of the noise hazard 
to damage human hearing. It is frequently measured in the workplace, and is also the 
most commonly used epidemiological measurement of exposure. Exposure is initially 
measured as a continuous variable, and theoretically could be treated as such in 
asessing the burden of disease. This is impractical, however, as many surveys report 
exposure above and below cut-off values, rather than as a distribution. For example, 
the following categories are widely applied because they correspond to regulatory 
limits in developed (usually 85 dB(A)) and many developing (usually 90 dB(A)) 
countries for an 8-hour day (Hessel & Sluis-Cremer, 1987; Alidrisi et al., 1990; 
Shaikh, 1996; Hernandez-Gaytan et al., 2000; Osibogun, Igweze & Adeniran, 2000; 
Sriwattanatamma & Breysse, 2000; Ahmed et al., 2001): 

- minimum noise exposure: <85 dB(A) 

- moderately high noise exposure: 85-90 dB(A) 

- high noise exposure: >90 dB(A). 



4.2 Determining the distribution of exposure in the population 

The most accurate assessments of health impacts at the national level are obtained 
from local exposure data, since population exposure distributions can vary between 
countries. The most commonly used methods to assess health impacts are: 

- area surveys: noise levels are measured at different sites across an area, such as 
sites throughout a factory; 

- dosimetry: a person's cumulative exposure to noise over a period of time is 
measured with a dosimeter; 

- engineering surveys: noise is measured using a range of instruments. 

Ideally, representative data will be available on the average levels of occupational 
noise for all major occupations within the country, either from the published scientific 
literature or from other sources of data. If such data are not available, 
epidemiological surveys can be carried out to determine the distribution of noise 
exposure by occupation. In practice, such data often will not be available, and the 
distribution will have to be estimated from existing sources of information. To do so, 
assumptions will need to be made, which will increase the uncertainty of the 
estimation, and this should be made explicit in the results. 

A reasonable estimate of the exposure distribution can be obtained by extrapolating 
from existing data for studies undertaken elsewhere, provided that the data are from 
similar occupational environments. Studies have shown that the most important 
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determinant of exposure level is worker occupation. Industry-specific studies in the 
USA showed that 44% of carpenters and 48% of plumbers reported they had a 
perceived hearing loss, and 90% of coal miners have hearing impairment by age 52 
years. Also, it is estimated that 70% of male metal/nonmetal miners will have hearing 
impairment by age 60 years (NIOSH, 1991). Within an occupation, several 
workplace-specific factors will also influence the level of exposure. These factors 
include the type of facility and process; the raw materials, machinery and tools used; 
whether there are engineering and work practice controls; and whether personal 
protective devices are used and properly maintained. These factors are likely to vary 
between countries (e.g. personal protective devices may be more commonly used in 
developed countries than in developing countries). Such factors should be taken into 
consideration when estimating the distribution of exposure for a workforce, and 
extrapolations should be made from data for comparable occupations in comparable 
countries. 

The Global Burden of Disease study estimated exposure distributions using an 
occupational category approach, modified to reflect the different noise exposures for 
occupations in different economic subsectors. This approach can be applied at the 
national level, using country data where available, or by extrapolating from data for 
other studies if local data are not available. 

The first step is to assess the proportion of workers in each occupational category that 
is exposed to at least moderately high occupational noise levels (>85 dB(A)); see 
Table 4). If these data are not available from national surveys, the distribution can be 
based on the results of a large survey in the USA (DHHS, 1986; NIOSH, 1998). 
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Table 4 



Proportion of workers in each occupational category and economic 
subsector exposed to noise levels >85 dB(A) a 









Occupational category 






Economic 
subsector 


Profess- 
ional 


Adminis- 
trative 


Clerical 


Sales 


Services 


Agriculture 


Production b 


Agriculture 


0.05 


0.05 


0.05 


0.12 


0.12 


0.20 


0.20 


Mining 


0.05 


0.05 


0.05 


0.12 


0.12 


0.20 


0.85 


Manufacturing 


0.05 


0.05 


0.05 


0.12 


0.12 


0.20 


0.22 


Electricity 


0.05 


0.05 


0.05 


0.12 


0.12 


0.20 


0.15 


Construction 


0.05 


0.05 


0.05 


0.12 


0.12 


0.20 


0.18 


Trade 


0.02 


0.02 


0.02 


0.12 


0.12 


0.20 


0.13 


Transportation 


0.02 


0.02 


0.02 


0.12 


0.12 


0.20 


0.12 


Finance 


0.02 


0.02 


0.02 


0.12 


0.12 


0.20 


0.02 


Services 


0.02 


0.02 


0.02 


0.12 


0.12 


0.20 


0.03 



Source: NIOSH (1998). 

Figures shown in normal typeface are derived by expert judgement. Figures in italics are 

derived by extrapolation from the most relevant subsector in the production worker survey. 

Figures in bold indicate direct measurements. 

Based on a figure of 1.5% for the proportion of "business services" workers exposed to noise. 
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For each occupational category, the proportion of production workers exposed to high 
noise levels (i.e. >90 dB(A)) is estimated from a survey of over 9 million production 
workers in the USA carried out by the USA Occupational Safety and Health 
Administration in 1981 (cited in NIOSH 1991; DHHS, 1986). These figures are 
shown in bold font in Table 4. Of the 6 063 000 production workers with exposures 
at or above 85 dB(A), 3 407 000 (or 56%) were exposed to noise levels above 90 
dB(A). We therefore estimate that among production workers exposed at or above 85 
dB(A), half were exposed at 85-90 dB(A), and half were exposed at >90 dB(A). 
Exposures in the remaining occupational categories and economic subsectors are 
estimated either by extrapolation from the most relevant subsector of the survey of 
production workers (figures shown in italics in Table 4), or by expert judgement 
(shown in normal typeface). It is also assumed, based on expert judgement, that of 
the agricultural workers and sales and service workers exposed at or above 85 dB(A), 
approximately 70% are exposed at 85-90 dB(A), and 30% at >90 dB(A). All 
professional, administrative, and clerical workers with noise exposure at or above 85 
dB(A) are assumed to be in the 85-90 dB(A) exposure level. 

It may be necessary to adjust these proportions, depending on the characteristics of 
the country in which the assessment is undertaken. In developing countries, because 
hearing conservation programmes are rare, the global assessment assumed that only 
5% of the production workers would be exposed at the 85-90 dB(A) level, and 95% 
would be exposed at the >90 dB(A) level. Also, 95% of the agricultural workers 
exposed at or above 85 dB(A) are assigned to the 85-90 dB(A) level, because 
mechanization is not widespread in countries in WHO developing subregions (e.g. 
WHO D and E subregions; see Annex 1). 

The second step consists of defining the proportions of workers in each economic 
subsector, by occupational category. These data may be available from national 
labour offices, or from statistics reported to the ILO. The third step simply consists of 
multiplying the previous tables together (i.e. for each economic subsector, the 
proportion of workers in each occupation is multiplied by the proportion of workers in 
the occupation exposed to moderately high, or high, noise levels). Next, the 
proportion of the working population in each economic subsector is determined by 
gender. In the fifth step, these values are multiplied by the proportion of workers in 
the occupational category exposed to the specific noise level. The series of 
calculations is performed for all economic subsectors, and the results summed to give 
the proportion of the total working population that is exposed at each noise level. 

The next step accounts for the fact that not all of the population is involved in formal 
work, by defining the proportion of the working-age population that is currently 
employed. This should be done separately for males and females. Accuracy can be 
further improved by specifying levels of employment for different age groups within 
the working-age population. Finally, the overall population exposure is given by 
multiplying the proportion of the working population exposed at each exposure level, 
by the proportion of the total population in work. 

Table 5 summarizes these steps and the sources of data necessary to complete them, 
and gives example calculations for the proportion of the male working-age population 



13 



Exposure 



in the USA that is exposed to moderately high noise levels. To give a complete 
assessment of the exposure distribution, the calculations would be repeated for 
exposure to high noise levels, and for females as well as males. 



14 



Exposure 



Table 5 



Assessing occupational exposure to noise 



Step 



Data source 



Example for exposure to moderately high noise 
(85-90 dB(A)), USA males 



For each occupational group within each economic 
subsector, estimate the proportion of workers exposed to 
moderately high (85-90 dB(A)) and high (>90 dB(A)) levels 
of noise. 

Determine the distribution of occupations between the nine 
economic subsectors. 



Using the tables developed for Step 1 and Step 2, estimate 
the proportion of the working population exposed to 
moderately high noise levels for each of the nine economic 
subsectors, and sum the results. 



For each gender, determine the proportion of the labour 
force working in the nine economic subsectors. 



National noise-exposure 
surveys, or NIOSH study 
(Table 4). 

National labour offices or the 
ILO. 



Derived from the outputs of 
Steps 1 and 2. 



National labour offices or ILO. 



22% of workers in the production occupational category of the 
manufacturing economic subsector are exposed to noise above 
85 dB(A). Half of these (11%) are exposed to noise levels of 85- 
90 dB(A) (the remaining half are exposed to >90 dB(A)). 

12% of workers in the manufacturing subsector are in the 
professional category, 13% in administration, 10% in clerical, 4% 
in sales, 1% in service, none in agriculture, 59% in production. 

11% x 59%, or 6.5% of production workers in manufacturing in 
the USA are exposed to noise levels of 85-90 dB(A). Repeating 
the calculation for other occupations in manufacturing, and 
summing, gives a value of 8.8% for all workers in manufacturing 
exposed to noise levels 85-90 dB(A). 

Approximately 4% of males work in agriculture, 1% in mining, 
22% in manufacturing, etc. 



Determine the proportion of the labour force exposed to 
elevated noise levels for each of the nine economic 
subsectors, and sum the values. 



Determine the overall proportion of the working-age 
population, 15-64 years old, in the labour force, as well as 
the corresponding proportions for males and females. 



Derived from the outputs of 8.8% of manufacturing workers are exposed to noise levels of 

Steps 3 and 4. 85-90 dB(A), and 22% of the male labour force works in 

manufacturing. Multiplying these figures gives 1.9% of the male 
labour force is exposed to noise levels of 85-90 dB(A) in 
manufacturing. Repeating for the other economic subsectors, 
and summing, gives a figure of 6.6% for the proportion of the total 
male labour force exposed to moderately high noise levels. 

National labour offices or ILO. 87% of males 15-64 years old participate in the labour force. 



7. Determine the overall population exposure by adjusting the 
proportion of the labour force exposed to elevated noise 
levels for the participation of the population in the labour 
force. 



Derived from the outputs of 
Steps 5 and 6. 



The value of 6.6% for the proportion of the male labour force 
exposed to noise levels of 85-90 dB(A) is adjusted by multiplying 
this figure by the participation of males in the labour force (87%). 
The result is that 5.7% of the male population 15-64 years old is 
exposed to moderately high noise levels. 
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Estimates for the prevalence of noise exposure, determined using the described 
method, are shown in Table 6. The figures assume there are equal employment rates 
in all age groups of the working-age population. 



Table 6 Proportion of the working-age population in the USA occupationally 

exposed to noise levels of 85-90 dB(A) and >90 dB(A), by gender 3 



Gender 


Labour force 
exposed 


Proportion in 
labour force 


Working-age population 
exposed 




85-90 dB(A) 


>90 dB(A) 




85-90 dB(A) 


>90 dB(A) 


Males 
Females 


0.066 
0.054 


0.038 
0.026 


0.870 
0.740 


0.057 
0.040 


0.033 
0.019 



Adapted from Concha-Barrientos et al. (2004). 
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5. Estimating relative risks for health outcomes, by 
exposure level 

It may be possible to obtain relative risks by exposure level from the literature, or 
from epidemiological surveys in your own population, or populations with similar 
socioeconomic and working conditions. However, as for evidence of causality, there 
is little reason to believe that the relative risks of hearing loss should differ between 
countries, so that in most cases it will be more straightforward, and probably more 
accurate, to use relative risks based on all previous studies. 

As with other disease burdens, the major challenge in estimating relative risks for 
NIHL is in converting different measures of hearing loss into a single standardized 
definition for assessing exposure, as is done in the method presented here. As 
outlined in Section 3, the criteria used by WHO to define disabling hearing 
impairment is different from the criteria used by most of the studies in the 
occupational field, so an adjustment of the published relative risk values is usually 
necessary to calculate burden of disease in DALYs. Again, the conversion procedure 
described in Step 2 below should be equally applicable in all countries. 

A procedure to estimate the increase in risk associated with different exposure levels 
has been defined in the Global Burden of Disease study (Cocha-Barrientos et al., 
2004). In brief, the main steps are: 

1. Estimate the excess risk for different levels of exposure, and for different ages. 
The data can be obtained from a large study carried out in the USA (Prince et al., 
1997). The study uses an average of 1000, 2000, 3000 and 4000 Hz, and a 
hearing loss >25 dBHL to define hearing impairment. Excess risk is defined as 
the percentage of workers with a hearing impairment in the population exposed to 
occupational noise, minus the percentage of people in an unexposed population 
who have a hearing impairment that is the natural result of aging. Most studies 
follow the NIOSH practice of measuring the outcome as "material hearing 
impairment" (i.e. at the level of 25 dB). 

2. Adjust the hearing levels. A correction factor can be used to adjust the excess 
risks measured using the NIOSH definition of the threshold, to the level at which 
WHO defines an associated disability weighting for burden of disease 
calculations (>41 dB; Concha-Barrientos et al., 2004). In this guide, we use a 
correction factor of 0.446, which is the ratio of the number of excess cases at >40 
dB divided by the number of excess cases at >25 dB (NIOSH, 1991). 

3. Estimate relative risk by age. The relative risk values by age can be estimated 
using the formula: relative risk = 1 + (excess risk / expected risk). The expected 
risk in the Global Burden of Disease study is based on a study of the prevalence 
of hearing loss as a function of age in the adult population of Great Britain 
(Davis, 1989). 

The final relative risks of hearing loss at various exposure levels defined by this 
procedure are given in Table 7. Unless there is strong evidence that the relative risks 
are different in your country of interest, then it is advisable to use these values. 
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Table 7 Relative risks for hearing loss by sex, age group and level of 

occupational exposure 



Sex 


Exposure level 


15-29 


30-44 


45-59 


60-69 


70-79 


80+ 


Male 


<85 dB(A) 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


Male 


85-90 dB(A) 


1.96 


2.24 


1.91 


1.66 


1.66 


1.66 


Male 


>90 dB(A) 


7.96 


5.62 


3.83 


2.82 


2.82 


2.82 


Female 


<85 dB(A) 


1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


Female 


85-90 dB(A) 


1.96 


2.24 


1.91 


1.66 


1.66 


1.66 


Female 


>90 dB(A) 


7.96 


5.62 


3.83 


2.82 


2.82 


2.82 
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6. Estimating the attributable fraction and the disease 
burden 

The burden of disease caused by exposure to occupational noise is given by 
combining the following information: 

- the proportion of people exposed to the defined noise levels (Section 4); 

- the relative risk of developing NIHL for each exposure level (Section 5); 

- the total disease burden (incidence or number of DALYs) from NIHL within the 
country, obtained from other sources (e.g. Pruss-Ustiin et al, 2003). 



6.1 Calculating the attributable fraction 

The first step in the calculation is to determine the fraction of the total burden of 
NIHL in the study population that is attributable to the risk factor, by combining the 
exposure distribution and relative risk information. The attributable fraction (AF), 
also called the impact fraction in this context, is given by the following formula 
(Pruss-Ustiin et al, 2003): 

2 Pi RRi - 1 

AF = ! ! 

Ar S Pi RRj 

where: 

P; = proportion of the population in each exposure category, i (i.e. 

^unexposed? "low exposure? ^nigh exposure/ • 

RR; = relative risk at exposure category, i, compared to the reference 
level (= 1 .0 for an unexposed population). 



For example, the fraction of NIHL in the USA male population 15-29 years old that 
is attributable to occupational noise is given by: 



(91% x 1) + (5.7% x 1.96) + (3.3% x7.96) - 1 
(91% x 1) + (5.7% x 1.96) + (3.3% x 7.96) 



6.2 Calculating the disease burden 

The disease burden attributable to occupationally-related NIHL can be estimated by 
multiplying the attributable fraction by the total disease burden in the country caused 
by NIHL (i.e. the total number of cases, or total number of DALYs, attributable to 
NIHL). The disease burden should be estimated separately for males and females, 
and for different age groups. 



19 



Estimating attributable fraction and disease burden 



Possible sources of country data for estimating the incidence of NIHL, or the number 
of DALYs caused by NIHL, are described in Pruss-Ustiin et al. (2003). Preferred 
sources are national statistics for the outcome of interest, or a national burden of 
disease study. Otherwise, WHO will supply "prior estimates" of national disease 
burdens, upon request from official representatives of the country (e.g. the Minister of 
Health). The prior estimates are based on statistics and epidemiological studies 
collected by WHO. Finally, if none of these sources is available, then national 
disease-specific burdens could be approximated by multiplying subregional DALY 
estimates (available at www .who . int/evidence ) by the ratio of the country population 
to the subregional population. However, this approach should be used with caution 
and results should be quoted as preliminary, as the method assumes that the disease 
rates are the same in all countries of the subregion. 
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7. Uncertainty 

There are two principal sources of uncertainty in the disease burden estimates for 
occupational noise. 



7.1 Uncertainty in exposure estimates 

In the method used in this guide, the main uncertainties are in estimates of the 
proportion of people in each occupational group or economic subsector that is 
exposed to the specified level of noise. This has been thoroughly assessed for one 
occupation in the USA, and extrapolated to other occupations and subregions based 
on expert judgement. However, the assumptions used to make these extrapolations 
have not been tested, and local surveys would help to reduce the uncertainty around 
the estimates. In some countries, there may also be uncertainty around the 
distribution of the working population between occupational groups or economic 
subsectors. This uncertainty can be reduced by using the most recent data from 
authoritative sources (e.g. statistics from the Ministry of Labour). 



7.2 Uncertainty in relative risk estimates 

Uncertainty in relative risk estimates may arise from the original epidemiological 
studies, and includes errors in exposure estimates, confounding factors, and in 
measurement of hearing loss. 

Errors in exposure estimates may arise because most studies of the association 
between noise and hearing impairment are retrospective measurements of the hearing 
sensitivities of individuals, correlated with their noise exposure over an extended 
period (typically, many years). Noise exposure often varies over time, so that it may 
be difficult to measure the precise level that the subject has experienced, particularly 
if they have been subject to intermittent exposures. Uncertainty is also introduced by 
variation in the subject (e.g. previous audiometric experience, attention, motivation, 
upper respiratory problems, and drugs). However, well-designed epidemiological 
studies (of the type used to define the relative risks in this guide) should account for 
the most important confounding factors (e.g. age and sex), and ensure that the relative 
risks are reasonably accurate. The large populations of the studies used to calculate 
the relative risks in this guide, and the consistency of results between studies, suggest 
that the data closely approximate the risks of noise exposure. 

Some additional uncertainty in the method used in this guide comes from adjusting 
hearing loss measurements made at different thresholds (e.g. 25 dBL and 41 dBL). 
The uncertainty should be relatively small, as the adjustment is based on a large 
sample size, but it could be reduced further if more studies measure hearing loss at 
both 25 dBL and 41 dBL. 
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8. Policy implications 

Estimates of the incidence of occupationally-related NIHL in your country or study 
population, or of the number of attributable DALYs, will provide quantitative 
information on the importance of the problem in the study area, and can help to 
motivate interventions to reduce these risks and associated health impacts. 

NIHL is, at present, incurable and irreversible. It is preventable, however, and it is 
essential that preventive programmes be implemented. The following 

recommendations on effective hazard prevention and control mechanisms are based 
on Goelzer (2001). 

Hearing conservation programmes should not be isolated efforts, but should be 
integrated into the overall hazard prevention and control programme for the 
workplace. 

Hazard prevention and control programmes require: 

- political will and decision-making; 

- commitment from top management, with a clear and well-circulated policy; 

- commitment from workers; 

- well-defined goals and objectives; 

- adequate human and financial resources; 

- technical knowledge and experience; 

- adequate implementation of the programme and competent management; 

- multidisciplinary teams; 

- communication mechanisms; 

- monitoring mechanisms (indicators); 

- continuous programme improvement. 

Within an overall hazard prevention and control programme, specific noise- 
prevention and control strategies usually involve the following elements: 

- the work process (including tools and machinery): for example, install quieter 
equipment, promote good maintenance; 

- the workplace: for example, use noise enclosures or acoustic equipment; 

- the workers: for example, set up work practices and other administrative controls 
on noise exposures, and provide audiometry tests and hearing protection, and 
workers' education programmes. 

Control measures should be realistically designed to meet the needs of each situation, 
and the different options should be considered in view of factors such as 
effectiveness, cost, technical feasibility, and sociocultural aspects. Control 
interventions should follow the following hierarchy: control the noise source — > 
control the noise propagation — > control noise at the worker level. 

The first priority is to reduce noise through technical measures. When engineering 
controls are not applicable or are insufficient, exposure to noise can be reduced 
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through measures such as introducing hearing protection for workers. The protective 
equipment must be properly selected, worn and maintained. Administrative controls 
can also be used. These are changes in the work schedule, or in the order of 
operations and tasks. For example, the time spent in a noisy environment can be 
limited (in addition to wearing hearing protection), and noisy operations can be 
performed outside the normal shift, or during a shift with very few workers (wearing 
hearing protection), or at a distant location. 

Some better known measures for reducing noise, such as noise enclosures and 
personal protective equipment, may be too expensive, impractical, inefficient or 
unacceptable to workers, particularly in hot jobs or climates. Approaches to 
prevention should be broadened, with proper consideration of other control options, 
particularly options for source control, such as substituting materials and modifying 
processes, as well as for good work practices. 

Finally, it should be recognized that in developing countries a large proportion of the 
population works in the informal sector. A major challenge is to extend occupational 
hazard prevention and control programmes to this section of the population. 
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Annex 1. Summary results of the Global Burden of Disease 
assessment for occupational noise 

A global analysis of the disease burden caused by exposure to occupational risk 
factors, including occupational noise, was performed on the basis of the approach 
described in this guide (WHO, 2002; Concha-Barrientos et al., 2004). The analysis 
was performed for the year 2000, and for 14 subregions of the world, grouped as 
shown in Figure Al and Table Al, and by age and sex groups. 



Figure A.l Subregional country groupings for the global disease burden 
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This is only a schematic representation. The boundaries and names shown and 
the designations used on this map do not imply the expression of any opinion 
whatsoever on the part of the World Health Organization concerning the legal 
status of any country, territory, city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. 
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Table A.l Country groupings for the WHO subregions in the Global Burden of 
Disease assessment 3 



Subregion 



WHO Member States 



AFR 



AFR 



AMR 
AMR 



D Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, 
Equatorial Guinea, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, 
Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, Sao Tome and Principe, 
Senegal, Seychelles, Sierra Leone, Togo. 

E Botswana, Burundi, Central African Republic, Congo, Cote d'lvoire, Democratic 
Republic of the Congo, Eritrea, Ethiopia, Kenya, Lesotho, Malawi, Mozambique, 
Namibia, Rwanda, South Africa, Swaziland, Uganda, United Republic of Tanzania, 
Zambia, Zimbabwe. 

A Canada, Cuba, United States of America. 



AMR 


D 


EMR 


B 


EMR 


D 


EUR 


A 



B Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, Chile, 
Colombia, Costa Rica, Dominica, Dominican Republic, El Salvador, Grenada, 
Guyana, Honduras, Jamaica, Mexico, Panama, Paraguay, Saint Kitts and Nevis, 
Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, 
Uruguay, Venezuela. 

Bolivia, Ecuador, Guatemala, Haiti, Nicaragua, Peru. 

Bahrain, Cyprus, Iran (Islamic Republic of), Jordan, Kuwait, Lebanon, Libyan Arab 
Jamahiriya, Oman, Qatar, Saudi Arabia, Syrian Arab Republic, Tunisia, United Arab 
Emirates. 

Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan, Yemen. 

Andorra, Austria, Belgium, Croatia, Czech Republic, Denmark, Finland, France, 
Germany, Greece, Iceland, Ireland, Israel, Italy, Luxembourg, Malta, Monaco, 
Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, 
Switzerland, United Kingdom. 

EUR B Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Georgia, 

Kyrgyzstan, Poland, Romania, Slovakia, Tajikistan, The Former Yugoslav Republic 
of Macedonia, Turkey, Turkmenistan, Uzbekistan, Yugoslavia. 

EUR C Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of Moldova, 

Russian Federation, Ukraine. 

SEAR B Indonesia, Sri Lanka, Thailand. 

SEAR D Bangladesh, Bhutan, Democratic People's Republic of Korea, India, Maldives, 
Myanmar, Nepal, Timor Leste. 

WPR A Australia, Brunei Darussalam, Japan, New Zealand, Singapore. 

WPR B Cambodia, China, Cook Islands, Fiji, Kiribati, Lao People's Democratic Republic, 

Malaysia, Marshall Islands, Micronesia (Federated States of), Mongolia, Nauru, 
Niue, Palau, Papua New Guinea, Philippines, Republic of Korea, Samoa, Solomon 
Islands, Tonga, Tuvalu, Vanuatu, Viet Nam 

~* Source: WHO (2003). 

Subregions: AFR = Africa; AMR = Americas; EMR = Eastern Mediterranean; EUR = Europe; 
SEAR = South-East Asia; WPR = Western Pacific; A: Very low child, very low adult mortality; B: 
Low child, low adult mortality; C: Low child, high adult mortality; D: High child, high adult 
mortality; E: High child, very high adult mortality. 
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Estimates of the proportions of populations exposed in each subregion were based on 
the distribution of the Economically Active Population 1 into nine economic 
subsectors. The estimates took into account the proportion of workers in each 
economic subsector with exposure to the risk factor, and the workers were partitioned 
into high and low exposure levels. Turnover accounted for previous exposures. The 
primary data sources for estimating exposures included the World Bank (World Bank, 
2001), the International Labour Organization (ILO, 1995, 2001, 2002), and literature 
on the prevalence and level of exposure. 

The exposure variable used in this analysis is a direct measure of the risk factor 
(occupational exposure to noise is the causative agent of NIHL). As global data on 
the frequency of occurrence, duration and intensity of noise exposure do not exist, it 
was necessary to model this exposure for workers employed in various occupational 
categories. The theoretical minimum is based on expected background levels of 
noise, and is consistent with national and international standards. Most experts agree 
that levels below 80 dB(A) result in minimal risk of developing hearing loss. 

For the analysis, three levels of exposure were estimated: 

- minimum exposure (<85 dB(A)) 

- moderately high noise (85-90 dB(A)) 

- high noise (>90 dB(A)). 

The proportion of workers in each occupational category with exposure to noise at or 
above 85 dB(A) was based on data for the prevalence of noise exposure at or above 
85 dB(A) among USA production workers in nine economic subsectors (DHHS, 
1986; NIOSH, 1998; see Table A2). The prevalence of exposure in other 
occupational categories was based on values from similar subsectors of the production 
category (e.g. exposure for agricultural workers in production was applied to all 
agricultural workers), or on expert judgement. It was estimated that 50% of workers 
exposed at >85 dB(A) in developed subregions were exposed at the higher level (>90 
dB(A)) (NIOSH, 1998). In developing subregions (B, C, D and E), exposure 
estimates were adjusted to take into account the absence of hearing protection 
programmes, and in D and E subregions, estimates were adjusted for the absence of 
widespread mechanization of agriculture. 



1 Includes people in paid employment, the self-employed, and people who work to produce goods 
and services for their own household consumption. 
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Table A. 2 Proportions of the working-age population occupationally exposed to 
different noise levels, by sex and subregion 



Subregion Sex 



Age group (years) 



Exposure level 15-29 



30-44 



45-59 



60-69 



AFR D 



AFR E 



AMR A 



AMR B 



AMR D 



EMR B 



EMR D 





<85 dB(A) 


0.87 


0.84 


0.84 


0.86 


Male 


85-90 dB(A) 


0.09 


0.12 


0.11 


0.10 




>90 dB(A) 


0.04 


0.04 


0.04 


0.04 




<85 dB(A) 


0.92 


0.90 


0.90 


0.92 


Female 


85-90 dB(A) 


0.07 


0.09 


0.09 


0.07 




>90 dB(A) 


0.01 


0.01 


0.01 


0.01 




<85 dB(A) 


0.87 


0.84 


0.84 


0.86 


Male 


85-90 dB(A) 


0.09 


0.12 


0.11 


0.10 




>90 dB(A) 


0.04 


0.04 


0.04 


0.04 




<85 dB(A) 


0.92 


0.90 


0.90 


0.92 


Female 


85-90 dB(A) 


0.07 


0.08 


0.08 


0.07 




>90 dB(A) 


0.01 


0.01 


0.01 


0.01 




<85 dB(A) 


0.92 


0.90 


0.90 


0.91 


Male 


85-90 dB(A) 


0.05 


0.06 


0.06 


0.06 




>90 dB(A) 


0.03 


0.04 


0.04 


0.03 




<85 dB(A) 


0.96 


0.95 


0.95 


0.96 


Female 


85-90 dB(A) 


0.03 


0.03 


0.03 


0.03 




>90 dB(A) 


0.01 


0.01 


0.01 


0.01 




<85 dB(A) 


0.90 


0.87 


0.88 


0.89 


Male 


85-90 dB(A) 


0.05 


0.06 


0.06 


0.05 




>90 dB(A) 


0.06 


0.07 


0.07 


0.06 




<85 dB(A) 


0.95 


0.94 


0.94 


0.95 


Female 


85-90 dB(A) 


0.03 


0.03 


0.04 


0.03 




>90 dB(A) 


0.02 


0.03 


0.03 


0.02 




<85 dB(A) 


0.91 


0.89 


0.89 


0.90 


Male 


85-90 dB(A) 


0.03 


0.04 


0.04 


0.04 




>90 dB(A) 


0.05 


0.07 


0.07 


0.06 




<85 dB(A) 


0.95 


0.94 


0.94 


0.96 


Female 


85-90 dB(A) 


0.02 


0.03 


0.03 


0.02 




>90 dB(A) 


0.03 


0.03 


0.03 


0.02 




<85 dB(A) 


0.91 


0.88 


0.89 


0.90 


Male 


85-90 dB(A) 


0.04 


0.05 


0.05 


0.04 




>90 dB(A) 


0.05 


0.07 


0.07 


0.06 




<85 dB(A) 


0.96 


0.95 


0.95 


0.96 


Female 


85-90 dB(A) 


0.02 


0.03 


0.03 


0.02 




>90 dB(A) 


0.02 


0.02 


0.02 


0.02 




<85 dB(A) 


0.88 


0.85 


0.85 


0.86 


Male 


85-90 dB(A) 


0.09 


0.11 


0.11 


0.10 




>90 dB(A) 


0.04 


0.04 


0.04 


0.04 




<85 dB(A) 


0.91 


0.89 


0.89 


0.92 


Female 


85-90 dB(A) 


0.07 


0.09 


0.09 


0.07 




>90 dB(A) 


0.02 


0.02 


0.02 


0.02 
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Age group (years) 



Subregion 


Sex 


Exposure level 


15-29 


30-44 


45-59 


60-69 






<85 dB(A) 


0.92 


0.90 


0.90 


0.91 




Male 


85-90 dB(A) 


0.05 


0.06 


0.06 


0.06 






>90 dB(A) 


0.03 


0.04 


0.04 


0.03 


EUR A 




<85 dB(A) 


0.96 


0.96 


0.95 


0.97 




Female 


85-90 dB(A) 


0.03 


0.03 


0.03 


0.02 






>90 dB(A) 


0.01 


0.01 


0.01 


0.01 






<85 dB(A) 


0.88 


0.85 


0.85 


0.87 




Male 


85-90 dB(A) 


0.05 


0.06 


0.06 


0.05 






>90 dB(A) 


0.07 


0.09 


0.09 


0.08 


EUR B 




<85 dB(A) 


0.93 


0.91 


0.91 


0.93 




Female 


85-90 dB(A) 


0.04 


0.05 


0.05 


0.04 






>90 dB(A) 


0.03 


0.04 


0.04 


0.03 






<85 dB(A) 


0.88 


0.85 


0.85 


0.87 




Male 


85-90 dB(A) 


0.04 


0.05 


0.05 


0.04 






>90 dB(A) 


0.08 


0.10 


0.10 


0.09 


EURC 




<85 dB(A) 


0.93 


0.92 


0.92 


0.94 




Female 


85-90 dB(A) 


0.02 


0.03 


0.03 


0.02 






>90 dB(A) 


0.04 


0.05 


0.05 


0.04 






<85 dB(A) 


0.88 


0.84 


0.84 


0.87 




Male 


85-90 dB(A) 


0.06 


0.08 


0.08 


0.06 






>90 dB(A) 


0.06 


0.08 


0.08 


0.07 


SEAR B 




<85 dB(A) 


0.92 


0.88 


0.88 


0.91 




Female 


85-90 dB(A) 


0.05 


0.08 


0.08 


0.05 






>90 dB(A) 


0.04 


0.04 


0.04 


0.03 






<85 dB(A) 


0.87 


0.79 


0.80 


0.84 




Male 


85-90 dB(A) 


0.09 


0.15 


0.15 


0.11 






>90 dB(A) 


0.04 


0.05 


0.05 


0.05 


SEAR D 




<85 dB(A) 


0.91 


0.94 


0.95 


0.96 




Female 


85-90 dB(A) 


0.07 


0.04 


0.03 


0.02 






>90 dB(A) 


0.02 


0.02 


0.02 


0.02 






<85 dB(A) 


0.92 


0.90 


0.90 


0.92 




Male 


85-90 dB(A) 


0.04 


0.06 


0.06 


0.04 






>90 dB(A) 


0.03 


0.04 


0.04 


0.03 


WPR A 




<85 dB(A) 


0.95 


0.94 


0.94 


0.96 




Female 


85-90 dB(A) 


0.03 


0.04 


0.04 


0.03 






>90 dB(A) 


0.02 


0.02 


0.02 


0.01 






<85 dB(A) 


0.87 


0.84 


0.84 


0.86 




Male 


85-90 dB(A) 


0.06 


0.08 


0.08 


0.07 






>90 dB(A) 


0.07 


0.08 


0.08 


0.07 


WPR B 




<85 dB(A) 


0.93 


0.91 


0.91 


0.93 




Female 


85-90 dB(A) 


0.04 


0.05 


0.05 


0.04 






>90 dB(A) 


0.03 


0.04 


0.04 


0.03 
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The exposure and relative risk information were combined to give the attributable 
fraction, which was then multiplied by the total burden of deafness in the population 
to give the burden attributable to occupational NIHL. 

Occupational noise exposure does not cause mortality, but does induce significant 
morbidity through deafness. The global analysis indicates that 16% of deafness is due 
to occupational noise, with a higher proportion in males (22%) than in females (11%), 
owing to differences in occupational categories, economic sectors of employment and 
working lifetime. Approximately 89% of the total burden is in the 15-59 years age 
group, with the remaining 11% in people over 60 years of age. Overall, more than 
four million DALYs were lost to NIHL (Table A3). SEAR D and WPR B accounted 
for more than half of the years of healthy life lost, as they have large populations, with 
a relatively high proportion working in high-exposure occupations. 



Table A.3 DALYs a attributable to occupational noise for the 14 WHO global 
subregions b 



Subregion 



Attributable DALYs (thousands) 



Percentage of total DALYs 
in the subregion 



AFR D 
AFR E 
AMR A 
AMR B 
AMR D 
EMR B 
EMR D 
EUR A 
EUR B 
EURC 
SEAR B 
SEAR D 
WPR A 
WPRB 



158 

187 

123 

165 

21 

81 

230 

164 

142 

224 

404 

1102 

48 

1100 



0.1 
0.1 
0.3 
0.2 
0.1 
0.4 
0.2 
0.3 
0.4 
0.4 
0.7 
0.3 
0.3 
0.4 



World 



4149 



0.3 



DALYs = disability-adjusted life years. 
Source: WHO (2002). 
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